General experimental information:
The reactions were monitored by thin-layer chromatography (TLC) analysis using silica gel (60 F254) plates. Compounds were visualized by UV irradiation. Flash column chromatography was performed on silica gel 60 (230-400.13 mesh, 0.040, 0.063 mm). Melting points (mp [°C]) were taken on samples in open capillary tubes and are uncorrected. The infrared spectra of compounds were recorded on a Thermo Scientific Nicolet iS10 are given in cm -1 . 1 H and 13 C NMR spectra were recorded on a Bruker Avance II 400 MHz (13C, 100 MHz) or on a Bruker Avance DPX 250 MHz (13C, 62.9 MHz). Chemical shifts are given in parts per million from tetramethylsilane (TMS) as internal standard. The multiplicities of the spectra are reported as follows: singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m). Coupling constants (J) are reported in hertz (Hz). High-resolution mass spectra (HRMS) were performed on a Maxis Bruker 4G. Propargylic aldehydes were all synthesized through a literature procedure 1 (2.0 equiv.) was added in one portion. The mixture was allowed to slowly reach ambient temperature. After stirring for further 1 h, the reaction mixture was poured into a vigorously stirred mixture of KH 2 PO 4 aqueous solution and tert-butyl methyl ether. The layers were separated and the aqueous layer was extracted with tert-butyl methyl ether. The combined organic layers were washed with brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated under reduced pressure.
The crude oil was purified by flash chromatography on silica gel using n-hexane/EtOAc as eluent.
3-(4-(Trifluoromethyl)phenyl)propiolaldehyde (3e):
Yellow oil, yield: 72%; 1 
3-(tert-Butylamino)-2-((4-methoxyphenyl)ethynyl)-1H imidazo[1,5-a]imidazole-7-carbonitrile (4c):
Prepared according to the general procedure A; isolated as beige solid, yield: 68%. Mp: 177-178°C. 1 was added and the mixture was stirred at room temperature for 1 hour. Next, 10 mL of AcOEt and 10 mL of water were added. The organic layer was separated, washed with brine, dried over MgSO 4 and concentrated under reduced pressure.
3-(tert-Butylamino)-2-((3-fluorophenyl)ethynyl)-1H-imidazo[1,5-a]imidazole-7-carbonitrile (4g):
The residue was purified by flash chromatography on silica gel using 30% ethyl acetate in petroleum ether as eluent to provide the desired products. N-(tert-Butyl)-8-cyano-4-phenylimidazo[1,5-a]pyrimidine-2-carboxamide (5a) : Prepared according to the general procedure C; isolated as orange solid; yield: 71%. Mp: 220-221°C. 1 N-(tert-Butyl)-8-cyano-4-(4-(trifluoromethyl)phenyl)imidazo[1,5-a] N-(tert-Butyl)-8-cyano-4-(3-methoxyphenyl)imidazo[1,5-a] N-(tert-Butyl)-8-cyano-4-(2-methoxyphenyl)imidazo[1,5-a] 161.3, 156.7, 151.1 , 143.7, 142.2, 133.5 , 131.1,   129.3, 121.1, 118.2, 114.9, 112.3, 108.2, 102.1, 55.7, 51.1, 28.1 (3C) N-(tert-Butyl)-8-cyano-4-(3-fluorophenyl)imidazo[1,5-a] N-(tert-Butyl)-8-cyano-4-(2-fluorophenyl)imidazo[1,5-a] N-(tert-Butyl)-3-cyano-7-phenylpyrazolo[1,5-a] 
3-(N-tert-Butylamino)-2-(phenylethynyl)-1H-imidazo

N-(tert-Butyl)-8-cyano-4-(4-methoxyphenyl)imidazo[1,5-a]pyrimidine-2-carboxamide
N-(tert-Butyl)-8-cyano-4-(4-fluorophenyl)imidazo[1,5-a] pyrimidine-2-carboxamide (5c):
N-(tert-Butyl)-8-cyano-4-(p-tolyl)imidazo[1,5-a]pyrimidine
Synthesis of imidazo[1,5-a]pyrimidine 6a
N-(tert-Butyl)-8-cyano-3-iodo-4-phenylimidazo[1,5-a]pyrimidine-2-carboxamide (6a): isolated as yellow solid; yield: 31%;
Mp: 282-283°C; 1 
Structure of 5a by a single-crystal X-ray study.
Crystallographic studies for compound 5a were performed at 170 K. Single crystals were mounted on a Xcalibur equipped with monochromatized Mo-K radiation (0.71073 Å). The data collection, unit cell refinement, and data reduction were performed using the CrysAlis CCD, Oxford Diffraction Ltd. software package 1 .
The structural determination was carried out by direct methods, and the refinement of atomic parameters based on fullmatrix least-squares on F 2 were performed using the SHELX-2014 programs 2 within the WINGX package 3 N-(tert-Butyl)-8-cyano-4-(4-(trifluoromethyl)phenyl)imidazo[1,5-a] 
